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.. and small:

Not just pairwise interactions, but 3rd nucleon -
alters the potential between the other two



Three-Nucleon Systems

Faddeev: V= ZVM(FU) exact! > nd — nd . nd —» nnp

observables

(mostly amazing agreement with existing data,
but there are discrepancies ! ) |

—

possible improvement: v = > Vi G+ 2V G FpaFid
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by definition, discrepancies are due to three-body force Vs

3NF = V3(r;;,ry.ry) constructed from

2w, 2p, wp exch. (Tucson-Melbourne 3NF, TM')
+ virtual A excitation

+ phenomenol. short-range part (Argonne 3NF)
constructs based on xPT (van Kolk, Friar...)
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Best NN calculations fail to reproduce properties of 3H
O Binding energy too small (7.6 MeV instead of 8.5 MeV)

Q Charge radius too smali (by ~ 10%)
O D- to S-state ratio too small (by ~10%)

3NF models are adjusted to reproduce 3H binding energy



First interest in 3N system in '60s

Early measurements of analyzing

powers, €.g.
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pd experimentally easier than nd, but Coulomb (important

at low energies) not calculable

experimental goal was to compare pd and nd



Low energy (T<20 MeV):

3NF effects scale with shift in binding energy E,
decrease with energy

nd scattering free of Coulomb
>thought to be ideal to study 3N system-

rigorous Faddeev calculations become available in late
80's (L.D. Faddeev, JETP(Sov. Phys.) 12 (1961) 1014
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.the "A puzzle” emerges
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High energy (T, =100 - 200 MeV):

(below TT production threshold)

3NF effects dominated by the A, increase with energy

Coulomb effects decrease with energy

pd scattering instead of nd

Relativistic effects increase with energy

?

Faddeev calculations now converge (j<5)
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None of the presently available 3NF describe the angular dependence of AP
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Q1
Target

K. Sekiguchi et al.
PRC 65 034003-1 (2002)
(RIKEN)
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tensor analyzing powers present a challenge !
(effect of inclusion of Urbana IX and TM' mostly opposite of traditional TM3NF)

Calculations also fail to reproduce K,JY and PY (H. Sakai et al. PRL 84 (2000) 5288)
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D(p,p)D elastic scattering

;, 135 MeV, 200 MeV \T/'
T -
target: d , pure vector, tensor ‘

D(p,pp)n break-up reaction

. |
| beam: d, 270 MeV, vector,
tensor, unpolarized




Indiana Cooler (1988 - 2002):
Polarized Beam & Polarized Target

Cooler Injector
Synchrotron
CIS

DIL
RFQ

CIPIOS

RF

solenoid
for spin
reversal

PINTEX

Polarized atomic
beam source

Pulsed, polarized,
negative ion source

)

P
-

d target
)

Precession
solenoids
for
hon-vertical
polarization |




Silicon
barrel

\dor p

P beam

.

E atoms

Fri, Sess. 2, (8:08
“BvWP



spin-'2 on spin-1 observables

arization

( ] forbidden
I 10Xy |Z] (parity conserv.)

redundant
(rot. z-axis)

7 observables




spin-v2 on spin-1 observables

tensor polarization

beam (p)

forbidden
(parity conserv.)

B redundant
(rot. z-axis)

5 tensor
moments

10 observables

target (d)
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proton up & deuteron sideways

beam asym.

farget vector asym,

farget fensor asym.
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| Break-up observables

“Evaluate observables - X
for specified regions of phase space .

Comparison to Faddeev calculations
needs strong theoretical support




axial observables

Knutson (PRL 73, 3062 (1994)):

- “Axial” observables are sensitive to
spin operators that occur in
3N potentials but not in 2N potentials

example: longitudinal analyzing power A,

A, has been measured at 9 MeV (E.A. George et al., PR C54, 1523 (1996)

Experiment: - Faddeev calculation
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A, predicted to be ~0.1 at T, = 270 MeV



Future: Polarization Experiments at COSY

p+d break-up at GeV energies:
Reaction mechanism

ANKE spectrometer at COSY

Polarized

Fri, Sess. 8 Moo
T Rathmanw

Mo , Sess. 3, 7:25
T, Rothwann



advanced experimental techniques have resulted in
precise daTa

Fadde
modern cow M“"“ e

a large body of high qua!afy data between a few
MeV and up to the pion production threshold is
available

none of the existing calculations ( NN or NN +
3NF) describe the data




